Abstract. In the Zea mays L. mutant Mll grown in the dark at 15°, the ultrastructure of the etioplast is abnormal. The pigment oontent of the etioplasts is reduced but the in vivo absorption characteristics suggest that the normal protochlorophyll(ide)-holochrome is present. The lowered synthetic ability of the etioplasts is not primarily due to a reduced complement of plastid ribosomes. The 
the etioplast is abnormal. The pigment oontent of the etioplasts is reduced but the in vivo absorption characteristics suggest that the normal protochlorophyll(ide)-holochrome is present. The lowered synthetic ability of the etioplasts is not primarily due to a reduced complement of plastid ribosomes. The plastids of mutant Mll grown in the light at 150 contain little pigment, are markedly deficient in ribosomes and their ultrastructure is abnormal. In mutant Mll grown at 150, an extreme sensitivity of the plastid membranes to light was observed.
In the Zea mnays L. mutant inbred (Ml 1) there is essentially no chlorophyll accumulation at or below 170 . It has been shown that the primarv site of this low temperature sensitivity in mutant Ml1 is the basal meristem, the area of cell division and early cell expansion (9) . This paper examines the nature of the aberrant plastids formed at low temperature. The behavior of mutant Ml1 has been contrasted with that of the F, hybrid (K4 X Mll) which has a normal temperature response. Comparisons have been made of material grown at high temperature, 270, and low temperature, 150.
Materials and Methods
Plant Material. The temperature-sensitive mutant line (Ml1) of maize (Zea mays L.) and the F1 hybrid (K4 X M 1l) used in these experiments have been described (9) .
Seedlings were grown in the dark or in artificially lit cabinets under low intensity illumination (300 ft-c) as previously described (9) . Plants were grown for 7 days at 270, or for 18 or 19 days at 15°. Light-grown plants were harvested when the second leaf was well developed and the third just emerging. In dark-grown material, the first leaf had extended approximately 2 cm beyond the ruptured tip of the coleoptile at sampling time. In all experiments the first leaf only has been used. When Mll is grown at 150 under low light, the tips of the leaves are green. This green portion represents cells present in the embryo and laid down in the previous generation when the seed was formed under temperatute conditions normal for growth of maize (9) . Thus, when plants grown at 150 were used, the tips cf leaves from both mutant Ml1 and the F, hybrid wNere discarded.
Developmernt of Plastids in Intermittent Liqht.
Intermittent light from a Braun EF 300 electronic flash unit activated once every 30 min was used.
The flash duration was 1 msec with a color temperature of 5600°K at an output of 135 watt sec. The light source was mounted approximately 4 inches above the leaf tips.
Extraction atid Estimation of Plastid Pigments. Material was extracted with 85 % acetone and chlorophyll a and b, protochlorophyll(ide) and carotenoids were estimated as described previously (9) .
Absorption Characteristics of Protochlorophyll- with ultracentrifugal analyses, the plastids contain a large complement of ribosomes.
When the F1 hybrid is grown at 150 in the dark, the etioplast is indistinguishable from that observed in plants grown at 27°and is similar to that described by Jacobson et al. (6) .
When the F1 hybrid is grown at 150 in the light, more variation in chloroplast structure is observed. In conitrast with plants grown at 270 the ultrastructure of the chloroplast is dependent on light intensity. At 300 ft-c, chloroplast structure is indistinguishable from material grown at high temperature (Fig. 3'b) . At 150, under 2000 ft-c con-tinuous light, many chloroplasts contained essentially one granal stack (Fig.   4a) .
When mutant Mll is grown in the dark at 15°. the elements of the prolamellar body of the etioplast are not organized into the characteristic para-crystalline array. Fig. 4b shows the most highly organized prolamellar body observed in this material. Most prolamellar bodies had much less organization (Fig. 4c) . The less organized state is not due to slower development, since with increasing age of plants (tup to 25 days), the degree of organization was found to decrease.
The inbred K4, the female parent of the F1 hybrid, when grown at 150 in the light, is a small seedling but the chlorophyll content is ca. 60 % that of the F1 hybrid (9) . When the etioplasts of K4 grown at 150 were examined, the characteristic para-crystalline array was lacking in the prolamellar body but not to such a marked degree as in mutant M11.
The ultrastructure of the chloroplasts of mutant Mll grown at 150 in the light (300 ft-c) was typically that shown in Fig. 4d . Few internal membranes remained and no clearly distinguishable chloroplast ribosome profiles are visible, compared with dark grown material ( Fig. 4b and 4c ). (9) . We have examined the ultrastructure of proplastids from the meristematic region of plants grown in light at 150. In the developing plastids of the F1 hybrid (Fig. 4e) , immature granal stacks are readily seen. In contrast, in mutant MI 1 such structures are lacking (Fig. 4f) .
Dcvelopmenit of Plastids in Intermittent Light.
In intermittent high intensity light chlorophyll will accumulate in Mll at 150 (9) , and under these conditions photooxidation is minimized. The hybrid and mutant Ml1 were compared under these conditions and, as is shown in table II, chlorophyll a accumulated but, in acetone extracts, no chlorophyll b could be detected by fluorescence spectroscopy at room temperature. Chlorophyll accumulation was, as would be expected, much more rapid at 27°. and at 150, the chlorophvll content of the hybrid was consistently higher than that of the mutant. Ultrastructural changes in the plastids were also examined. At 270, after 8 hr (17 flashes) considerable membrane development had occurred in both hybrid and mutant. At 150, the pattern of development in the hybrid was similar but slower than at 270. In the mutant at 150, wide variation in plastid structure was observed. Many plastids had disintegrated and even in those showing maximal structural development (Fig. 4g) (Fig. 2b) approximates that in the F1 hybrid (Fig. 2a) grown under the same conditions. These observations are supported by electron micrographs (Fig. 4b, 4c) .
Maize is a tropical plant and even in the F1 hybrid grown at 150, under certain conditions. the plastids may differ from those in plants grown at 270. At 150, the ultrastructure of the chloroplast is dependent on light intensity. Under illumination of 300 ft-c, the structure is normal but under 2000 ft-c abnormal granal stacks were observedl (Fig. 4a) . In addition, in the light at 150, there is a relatively lower rate of plastid ribosome synthesis since the ratio of 70S :80S ribosomes is much higher at 270 (Fig. lc) than at 150 (Fig. 2c) .
The plastids of mutant Mll grown in the light at 150 have a very low pigment content (table I) , their ultrastructure is abnormal (Fig. 4d) and they are markedly deficient in ribosomes (Fig. 2d, 4d ). (Fig.   4d ). This is supported by 2 further observation,s. Firstly, using intermittent high intensity light, chlorophyll will accumulate in mutant Mll at 150 (9) .
The striking difference between the response of mutant Ml1 and the F1 hybrid under these conditions is in membrane development. Though many, plastids lacked internal structure, even in those which showed maximal structural development, normal memibrane arrangements were rarely seen (Fig. 4g) . Secondly, the meristematic region of mutant Ml1 is the prinmary site of low tenmperature sensitivity (9) .
At 150 in the light, vestiges of granal formation are present in the proplastids of the meristematic region of the F1 hybrid (Fig. 4e ) but these are not evident in mutant Mll (Fig. 4f) .
Certain cold-sensitive E. coli mutan;ts have been shown to grow normally at low temperature when minimal medium is supplemented with particular amino acids or vitamins (11 
